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Ideal solid electrolytes are ion-conducting phases with negligible nonstoichiometry – as any nonstoichiometry is 
usually related to unwanted changes in (electronic) transport properties. In solid-state batteries the solid 
electrolyte experiences extreme chemical boundary conditions, from very high chemical potential of Li at the 
anode side to very low chemical potential at the cathode side. Depending on the electrodes, the range of 
chemical potential can span more than 4 V (expressed as OCV). Under these conditions, the redox chemistry 
and the nonstoichiometry of solid electrolytes becomes decisive for the function of the batteries itself.  
  
In this lecture, the redox chemistry of different types of solid electrolytes will be discussed, aiming for a better 
understanding of their degradation in contact with typical anode materials at different electrode potentials. 
Lithium thiophospates (Li-P-S and Li-M-P-S) will be discussed in more detail, oxides and phosphates will be 
discussed in brief. A combination of conductivity studies and XPS measurements shows that lithium 
thiophosphates indeed show a narrow range of nonstoichiometry and that decomposition into lithium-rich or 
lithium-deficient phases will occur easily under operating conditions of soli- state batteries.  
  
The role of nonstoichiometry of solid 
electrolytes as source of (unwanted) 
reversible and irreversible additional 
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Figure 1 – Oxidation of Li3PS4 solid electrolyte and structural/che-
mical changes due to lithium deficiency as origin of electrode 
degradation 
